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Abstract 
In this study, we propose a new sensor to detect medicines using electric capacity for the prevention of forgetting to take 
medicines. When medicines are put into the sensor, the electric capacity of the sensor will be changed. According to the value of 
electric capacity of the sensor, it can be easily judge medicines with a proper threshold value. Highly accurate monitoring system 
of forgetting to take medicines can be constructed by using this sensor. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Taking medicines on time is important for patients to treat sickness. However, over 60 [%] of patients forget to 
take medicines (Kutsuma et al., 2004). For this reason, methods to prevent forgetting to take medicines are 
necessary and helpful to patients (Yamanaka, 2006). There are some medicine boxes to detect medicines indirectly 
(Maki et al., 2007). One of medicine boxes consists of some holders. A sensor is used to judge taking medicines by 
detecting whether the lid of the holder is open or not (Uemura et al., 2002). This is a good idea, but it may work 
incorrectly. It is because this method does not judge taking medicines, but judge whether the lid is open or not. 
There is also a medicine box to detect medicines directly. The shape of the box is cube, and a photodiode is placed 
on the bottom of the box (Kobayashi, 2002). This medicine box can judge whether medicines have been taken or not 
using light intensity obtained by the photodiode. However, the size and shape of medicines are limited. It may 
misjudge, if the size or shape not suitable for the medicine box. 
In this study, we propose a new sensor to detect medicines using electric capacity, and construct a monitoring 
system using this sensor. Regardless of size and shape of medicines, this system can accurately and directly judge 
whether medicines have been taken out or not from the medicine box. 
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Figure 1.  Structure of inside of sensor box in case of no medicine. 
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Figure 2. Structure of inside of sensor box in case of medicine. 
2. Sensor for the Detection of Medicines Using Electric Capacity 
The structure of inside of sensor box in case of no medicine is shown in Figure 1 (a). Two pieces of metals are set 
on the inside of the lid and the holder, and insulators are put on the metals. A sponge is set between the metal and 
the bottom of the holder. This is used instead of spring. When there is no medicine in the sensor, the distance 
between the metal of the holder and that of the lid is 2dI (Refer to Figure 1 (b)). The circuit diagram is shown in 
Figure 1 (c). The electric capacity of each insulator is assumed CI. The combined electric capacity is C0 (=CI /2). 
When there is a medicine in the sensor (Refer to Figure 2 (a)), the distance between the metal of the holder and that 
of the lid is 2dI+dM (Refer to Figure 2 (b)). The circuit diagram becomes Figure 2 (c). The electric capacities of 
medicine and air between the insulator of the holder and that of the lid are assumed CM and CA. The electric capacity 
of each insulator in part of air is assumed CIA. In Figure 2 (c), the combined electric capacities of Ca, Cm and C1 are 
shown. These are represented as followings. 
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Then C1 is lower than C0 if CM and CA take a limited positive value. When there is a medicine in the sensor, the 
electric capacity of the sensor becomes low. Therefore, it can be judged whether medicines are in the sensor or not 
by measuring the electric capacity of the sensor. 
3. Monitoring System of Forgetting to Take Medicines 
A monitoring system of forgetting to take medicines is constructed as shown in Figure 3. This system mainly 
consists of three parts. (1) Sensing part including several sensors and a control circuit. (2) Processing part which 
mainly consists of a microcomputer. (3) Output part including a liquid crystal display (LCD), a speaker or other 
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Figure 3. Structure of the monitoring system of forgetting to take medicines. 
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Figure 4. Control circuit.     Figure 5. Picture of the sensor.  
output devices. In the control circuit, the capacities of the sensors are converted into voltages (Refer to Figure 4). In 
the processing part, the microcomputer processes the outputs of the sensing part with a proper threshold voltage (Vth) 
to judge whether medicines are in the sensors or not. Part of output is used to announce people whether there are 
medicines in the box or not. 
In order to avoid misjudging, a switch is set below each lid of the sensors as shown in Figure 3. When the lid is 
opened, the microcomputer may misjudge because of the change of electric capacity of the sensors. The switch 
signal is used to stop the judgment by microcomputer while the lid opens. 
In this system, when there are medicines in a sensor, the electric capacity of the sensor is low. The 
microcomputer judges whether each sensor contains medicines or not, when all lids have been closed. The result of 
judgment by microcomputer is displayed on LCD and announced with a speaker. 
4. Experiments 
In these experiments, the metals with the area of 36 [cm2] (W = 6 [cm], L = 6 [cm]) and the insulators (Glass-
epoxy, Relative Permittivity : 4.5㨪5.2 (Yamamoto Electric Industrial Co., Ltd., n.d.)) with thickness (dI) of 1.6 
[mm] are used. W, L and dI refer to Figure 1 (a). Picture of the sensor used in the experiments is shown in Figure 5. 
4.1. Measurement of Electric Capacity of the Sensor 
First of all, the difference of the electric capacity of the sensor is confirmed when medicine is put into the sensor. 
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Figure 6. Medicines used in the experiment.          Figure 7. Positions of medicine in the sensor. 
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Figure 8.  Influence of position of medicine                      Figure 9.  Influence of type of medicine 
on capacity of the sensor.     on capacity of the sensor. 
4.1.1. Influence of the Position of Medicine in the Sensor 
In this experiment, the influence of the position of medicine in the sensor on electric capacity of the sensor is 
confirmed. The electric capacity of the sensor is measured when the medicine (Refer to Figure 6 (1)) is put into the 
sensor. Five places where medicine is put (Refer to Figure 7 (a)~(e)) are tried. It is tried 10 times for each condition. 
The capacities at each position and the electric capacity in case of no medicine in the sensor are shown in Figure 8. 
4.1.2. Influence of Type of Medicine 
In this experiment, the influence of type of medicine on electric capacity of the sensor is confirmed. The electric 
capacity of the sensor is measured when the medicine is put in the sensor. Ten types of medicines with different 
sizes and shapes are used as shown in Figure 5. A medicine is placed at the position of center (Refer to Figure 7 (e)). 
It is tried 10 times for each condition. The capacities of each medicine and the electric capacity in case of no 
medicine in the sensor are shown in Figure 9. 
4.2. Measurement of Output Voltage of the sensor 
The difference of the output voltage of the sensor is confirmed for determination of the threshold voltage (Vth) to 
judge whether medicines are in the sensor or not when medicine is put into the sensor. 
4.2.1. Influence of the Position of Medicine in the Sensor 
In this experiment, the influence of position of medicine in the sensor on output voltage of the sensor is 
confirmed. The output voltage of the sensor is measured when the medicine (Refer to Figure 6 (1)) is put into the 
sensor. Five places where medicine is put (Refer to Figure 7 (a)~(e)) are tried. It is tried 10 times for each condition. 
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Figure 10. Influence of position of medicine                    Figure 11. Influence of type of medicine 
on output voltage of the sensor.    on output voltage of the sensor. 
The output voltages at each position and the output voltage in case of no medicine in the sensor are shown in Figure 
10. 
4.2.2. Influence of Type of Medicine 
In this experiment, the influence of type of medicine on output voltage of the sensor is confirmed. The output 
voltage of the sensor is measured when the medicine is put in the sensor. Ten types of medicines with different sizes 
and shapes are used as shown in Figure 5. A medicine is placed at the position of center (Refer to Figure 7 (e)). It is 
tried 10 times for each condition. The output voltages of each medicine and the output voltage in case of no 
medicine in the sensor are shown in Figure 11. 
According to the results, the recognition rate of 100 [%] is obtained at the range of 0.57~0.86 [V] of Vth. 
Therefore, Vth is decided 0.70 [V]. 
4.3. Operation Check of the System 
Using the above threshold voltage (Vth), we carry out the experiment again. One medicine is fallen into each 
sensor at random 50 times for each medicine, and the system judges whether the medicine is in the sensor or not. As 
the result, the recognition rate is 100 [%]. 
5. Conclusions 
A sensor to detect whether medicines are in the box or not using electric capacity is proposed in this study, and a 
monitoring system is constructed. By the use of the sensor, this system can accurately and directly judge that 
medicines have been taken or not from the box regardless of the size and shape of medicines. 
For larger or smaller size of medicines, the size of the sensor may be changed. Although three sensors are used 
for this experiment, it is easy to increase the number of sensors. 
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